It was the transatlantic slave trade, of course, that supplied the propulsive force behind West African consumerism. It had not always been so. The first two centuries of Euro-African exchange, from the late 1400s to the mid 1600s, were characterized by a more limited and less flamboyant range of imported goods. Early European traders were interested in acquiring gold, ivory, pepper, precious woods, and other highvalue commodities. These were purchased with imported currencies, most notably cowries, or metals that could act both as currency and producer good. Joseph Inikori identifies this early phase of exchange as essentially benign. Quickening international trade brought benefits to West Africa. It was a period of agricultural commercialization, urban growth, and flourishing manufactures. From the late seventeenth century, however, Atlantic trade took a destructive turn. European traders were no longer focused on precious things for Old World markets; they required captives who could labour on New World plantations. The consequences were catastrophic. The rapid escalation in slave-trading stimulated warlordism, a contraction of market activity, de-urbanization and de-population. The composition of European imports, Inikori argues, shifted to reflect this. Currencies and capital goods were now overshadowed by consumer goods and weaponry, imports that signalled the relentless spread of slave-raiding and the erosion of West Africa's own manufacturing capacity. 3 This is a powerful vision of change but it needs to be qualified. It should not be taken to mean that the trade in producer goods or commodity currencies stopped. Bars of malleable iron ('voyage iron' in contemporary parlance) and copper ('Guinea Rods') were a persistent feature of Euro-African exchange throughout the precolonial era. The boom in consumer goods in the eighteenth century meant that metals declined in relative terms and in visibility, but they did not disappear from coastal marts. The Africa, a slave ship that departed from Bristol for the Bight of Biafra in 1774, may be taken as emblematic. The Africa's cargo was dominated by textiles, mostly expensive Indian fabrics, as was standard at that time, but there were also more mundane items: 1,530 bars of iron, close on thirteen tons, as well as four thousand copper rods. 4 This was not at all unusual. Iron, the particular focus of this article, was a staple of Euro-African trade in the eighteenth century, as we will demonstrate using the records of both chartered companies (London's Royal African Company and Copenhagen's Vestindisk-Guineisk Kompagni) and private traders, chiefly those sailing from Liverpool. The archival record shows that the consignments could be substantial. The Liverpool merchant William Davenport supplied voyage iron to eighteen slaving ventures to the Bight of Biafra in the 1760s. 5 The average consignment was 11.6 tons. If the vessels supplied by Davenport were representative, the 367 slaving voyages known to have left Europe for the Bight between 1760 and 1769 would have landed more than 420 tons annually. As a proportion of north European iron production this was inconsequential. In a local African context, however, it was hugely significant. Indeed, our contention is that European iron had a profound impact on West Africa in the age of the transatlantic slave trade. Voyage iron underpinned an agro-environmental transformation of coastal Africa from Senegambia to Biafra. It cleared the way for the introduction of New World crops and provided the nutritional wherewithal for population growth. In that sense, voyage iron helped sustain the export of enslaved people. The continuing, indeed growing, influx of European iron in the eighteenth century suggests that Inikori's contrast between a phase of commercial uplift in West Africa between 1450 and 1650 and a phase of dislocation in the century and a half that followed is too strongly drawn. The presence of voyage iron implies a spread of commercialized agriculture and the development of metalware manufacturing even in the midst of the mayhem brought on by slave-raiding.
The arrival of European iron on the West African coast -in volumes that have not hitherto been appreciated -also raises questions about the relationship between European materials and African practices. The metal forged in northern Europe had quite different properties to iron smelted in sub-Saharan Africa. A smith could not arbitrarily substitute one for the other. Because of that, voyage iron did more than add to the stock of iron circulating in precolonial West Africa; it posed a challenge for African artisans. They were confronted with ferrous matter that was alien: it lacked the physical attributes and ritual associations of locally produced iron. The incorporation of European iron into West African production networks therefore required creative adjustment on the part of African artisans. Voyage iron, for all its apparent banality, initiated a process of AfricanÀEuropean technological interaction.
I
European traders carried two metals in their unmanufactured form to early modern West African markets: iron and copper. The copper is relatively easy to account for. Copper is not an abundant element. It was therefore routinely used in past times as specie, as a recognised bearer of value in its own right. Copper is also easily worked and has a natural lustre. It was a common part of material culture in most parts of the pre-modern world, not least in Africa where copper and brass (a copper-zinc alloy) vessels were put to a wide variety of domestic and industrial purposes. When alloyed with tin to make bronze, copper also played a conspicuous role in African expressive culture. 6 Copper and cupreous wares were therefore traded to Africa from the very earliest expeditions of the Portuguese, and they continued to be an important part of Euro-African exchange throughout the era of the Atlantic slave trade. Given its ready malleability, its reflective sheen, and the ease with which it could act as a store of value, copper presents few interpretive difficulties. The export of large volumes of iron to Africa in the era of the slave trade is less readily accounted for. Iron is 900 times more abundant than copper in the earth's crust; its intrinsic value is correspondingly less. Why, then, carry iron to Africa? In so far as scholars have considered the matter, they have concluded that the inflow of voyage iron was limited in scale and peripheral to African needs. We take a different view. The importation of iron was both substantial and significant.
It is certainly not the case that Africa wanted for iron in any existential sense, for the continent was home to a venerable metallurgical tradition. 7 Metalworking was deeply embedded in ancient African culture and cosmology.
8 Smelters were liminal creatures, gatekeepers at the boundary between nature (metalliferous rock) and culture (the metal they conjured from it). They exercised transformative powers which were thought to depend on ritualized performance for their success. In numerous African cultures, it is clear, the working of iron was far more than a set of technical procedures; it was a stylized activity in which beliefs about age, gender, and authority were acted out. Iron often featured in creation myths and smithing was sometimes seen as an attribute of kingship. Exalted status in the kingdom of the Kongo, for example, was closely associated with ironmaking and coronation ceremonies featured iron regalia and the drumming of ritual hammers. 9 For the Kongolese, the foundation of their kingdom and the coming of iron technology were one and the same.
In fact, the onset of the sub-Saharan Iron Age predated the Kingdom of the Kongo (established in the 1300s) by many centuries. The first signs of West African smelting came in the early first millennium BCE, coeval with the equivalent 7 10 Smelters were imaginative in furnace design, inventive in their use of ores and fluxes, and acute in their assessment of the calorific value of the different tree species they exploited for fuel. 11 They came to excel in making carbon-tinged material of steely hardness, a feature much admired by European travellers: 'Their iron is much harder', an agent of Denmark's VestindiskGuineisk Kompagni observed after examining the spears carried by warriors on the Gold Coast. 12 West African smelting was buoyant in the seventeenth and eighteenth centuries. Claims that precolonial ironmaking was hampered by energy shortages seem wide of the mark. 13 The overexploitation of forest resources may have led to localized fuel shortfalls but there was no systemic difficulty. 14 The geography of precolonial smelting certainly shifted over time but there is no prima facie reason to attribute this to deforestation, still less, as we shall see, to the competitive pressure of European imports. Warfare, slaveraiding, and conceivably climate change were more powerful disruptive forces. The abandonment of old-established smelting sites in some parts of eighteenth-century West Africa, for example, was a response to intensified slave-raiding. But the smelters affected did not abandon their trade; they just relocated to more defensible hilltop locations. 15 Indeed, it is the durability of ironmaking in African societies in the age of Atlantic slavery that is striking. Quantitative studies are few in number and their method is necessarily inexact; they depend upon surveying and dating furnace debris left behind by smelting communities. Even so, the evidence they provide is unequivocal. It is of growth, often considerable growth. A study of Bassar (modern Togo), described as an ironmaking centre of 'continental importance . . . among the most important iron producers in African history', suggests a massive rise in output ('approximately 300-450 per cent') between the mid sixteenth and the late eighteenth century, and continuing growth in the nineteenth. 16 The Babungo chiefdom (modern Cameroon) was another specialized smelting zone that continued to flourish, with a notable climb in output between 1780 and 1880. 17 Indeed, the Ndop plateau in southwest Cameroon, in the view of those who have investigated its iron industry most closely, should be seen as the 'Ruhr' of central Africa. 18 There is, in other words, little indication that European metals drove precolonial African metallurgy to the wall. 19 That did not happen until the twentieth century when the availability of European scrap, harvested from colonial railways and imported machinery, heralded the end of traditional smelting.
On the basis of this literature many contemporary Africanists have concluded that imported European iron had at best a marginal role. John Thornton, for example, has maintained that Africa was producing iron enough for its own needs; supplements from Europe added little to the overall volume in circulation. In Thornton's view, European iron was not meeting an unfulfilled need in Africa; nor were Europeans offering a product that was qualitatively superior. Indeed, if there was a quality differential the advantage lay with 'steelier' African irons. Voyage iron was not necessary, nor was it capable of suborning African consumers from their traditional loyalties.
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II And yet Europeans persisted in bringing iron to African markets. It helped, of course, that the metal did not perish. Textiles were vulnerable to mould and insect infestation but bars that were unsold on one voyage could be used on another or warehoused on the coast. 21 Voyage iron was a low-risk commodity. Far more important, however, was the profit to be earned, which was considerable. Voyage iron was a highly rewarding trade good because of the productivity gap between north European and African ironmaking. This disparity was of relatively recent vintage. At the end of the first millennium CE smelters in Europe and West Africa operated under a common technological regime. They both made iron by the direct method. Modestly sized furnaces, so-called bloomeries, could reach temperatures high enough to isolate iron from the other elements to which it was bonded in the ore. The outcome was a mass of spongy iron and slag: the bloom. Battering away the slag yielded a lump of malleable iron that a smith could work into the desired end product. This was batch production; each bloom was the result of a separate smelt. It was also small-scale; each smelt produced only a few kilos of metal.
Productivity at bloomeries was governed by the strength of the air draught introduced to the furnace. For as long as the draught 20 was supplied by hand-operated bellows, production levels remained low. In the first half of the second millennium CE that began to change as smelters in both Europe and West Africa explored new technological solutions. European iron workers looked to harness water power. 22 Water-driven bellows allowed for an enlargement of the bloomery. Stumpy furnaces now grew taller. This did more than extend the scale of production; it started to change the nature of the product. The stronger draught generated hotter temperatures and a gaseous atmosphere capable of liquefying parts of the bloom. Droplets of metal made their way to the foot of furnace where they cooled into a crystalline deposit -cast iron -which was initially discarded as a waste product. Soon though, ironworkers learned how to refine cast iron into a malleable substance suitable for smithing. As a result, bloomeries were deliberately heightened and the air blast intensified to yield cast iron as a primary product. They evolved into blast furnaces, the first archaeological evidence for which dates from the twelfth century. 23 With this, the direct method gave way to the indirect method: the production of iron in a two-part operation involving the blast furnace and a finery forge. The first produced cast iron; the second converted it to malleable bar iron.
Water power was an essential component of this new production system; it was what distinguished European metallurgy from the African. It was not and could not be a technology of the Sahel, one of the heartlands of West African iron production. This was an environment that was both arid and labour-short, which militated against using either water or human muscle tissue as a store of energy. A strengthening of the air flow in a furnace could, however, be induced by heightening (but not widening) the structure. Furnaces grew taller, just as in Europe, making the Sahel the Manhattan of African metallurgy, with natural draught furnaces that might be four metres high. (Forced draught furnaces were often no more than shoulder height.) Individual smelts took an extraordinarily long timeperhaps eight times longer than forced-draught bloomeriesbut labour costs were lowered. 24 Just as in Europe, technological change resulted in a new product. The slower smelt allowed carbon to diffuse evenly into the bloom resulting in a high-quality steel rather than the more mixed results obtained from smaller, bellows-driven furnaces.
Between the eleventh and the sixteenth centuries, then, new patterns of iron production emerged in both West Africa and Europe. In Africa, a long-established ironmaking landscape began to break up. Small-scale production for local consumption had been pervasive and continued to be so, but areas that were blessed with unusually rich ores started to develop smelting capacity above and beyond local needs. This was still smelting on a batch basis but specialization enabled districts such as Bassar to produce surpluses for inter-regional trade from the sixteenth century onwards.
25 Even larger export surpluses were built up in northern Europe as new high-volume production systems came on stream. In the fifteenth century, just as Iberian navigators were beginning to trade slaves along the Guinea coast, the blast furnace/finery pairing became the standard method of iron production across the Rhine-Meuse basin and adjacent regions of northern France. It was a striking piece of synchroneity. When a transatlantic slave trade took root in the sixteenth century European traders had every incentive to include iron in the cargoes they shipped south because north European bars, produced at blast furnaces and water-powered forges with throughput speeds that African smelters were quite unable to match, could be hugely profitable. Voyage iron exchanged at far above its prime cost, allowing European traders a massive mark-up -that on iron carried to Senegambia on the Portuguese slave ship Nuestra Señora del Vincimiento in 1617 amounted to 1,200 per cent. 26 The margins calculated by 24 Danish custom officials between 1757 and 1764 were not quite so sensational; they were substantial nonetheless. The returns on iron ranged from 141 to 262 per cent, making it the most lucrative commodity the Danes dealt in. There were other goods, such as tobacco pipes, which could bring in profits at over 200 per cent, but they were only sold in very small quantities. Textiles, which made up the bulk of what was taken to Africa, realized much lower returns, ranging from the 70 per cent to be had for Indian fabrics such as romals and niccanees to a meagre 14 per cent on long ells, a coarse English woollen.
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Sourcing iron to trade in Africa was no simple matter though, for Europe's major slaving powers were seldom leading iron producers. Most of Europe's slave-trading economies were in fact net importers of iron. Perhaps only France was selfsufficient in the metal; Jean Barbot spoke of the 'Province of Brittany' as the source of the iron exported by the Compagnie du Sénégal in the 1690s. 28 But the Portuguese had no iron industry to speak of; nor did the Dutch. Both had to rely on imported iron. The Dutch were fortunate in that the Rhine and Meuse rivers gave them ready access to iron-producing districts in Wallonia, the Ardennes, and the Rhineland. 29 'Regarding the voyage iron for Genoa [Guinea]', Amsterdam merchant Louis Trip reported in 1679, 'we get it made inland, from Luxemburg and Germany'. 30 The English also resorted to imported iron, even though the British Isles did have a substantial iron industry, one that had grown rapidly in the sixteenth century. In the seventeenth century, however, English ironmasters encountered fuel shortages that put a ceiling on production. The consumption of iron in Britain could only continue to grow if domestic supplies were augmented by imports. Augmented they were, largely by bar iron from Sweden, 27 31 Indeed, by the end of the seventeenth century imported iron outweighed the local on the British market, and imports remained dominant until the very end of the eighteenth century. 32 The voyage iron despatched to African markets from British quaysides was not a product of Britain's Industrial Revolution (which did not affect bar iron production in British forges until the 1790s); it was almost invariably a re-export. 33 The Royal African Company (RAC), which exercised a legal monopoly over English slave-trading in the late seventeenth century, purchased its iron from London's leading Baltic merchants. 34 The contractors were few in number and enjoyed long-lasting relations with the Company, not least because many of the men concerned were also directors of the Company. 35 A reliance on Swedish iron was to be a feature of the British slave trade until its legal extinction in 1807. Should Swedish supplies be insufficient, they could be supplemented by purchases made on the Dutch market. The London slave merchant Humphry Morice, for example, had his ship the Portugal call at Rotterdam to take on 'German bars' in 1724. Another of Morice's fleet, the Anne, loaded 'Liege bars' at the same port in 1730. 36 By contrast, and for reasons that will become clear below, very little voyage iron originated in Russia, even though Russian iron overhauled Swedish in the 1760s and 1770s to become the most widely traded in Europe.
Voyage iron had to be made to precise specifications: Africans demanded iron of the correct dimensions, iron of the correct weight, iron with the proper finish, and iron that bore 31 recognisable stamps ('marks') attesting to its provenance. Voyage iron that did not meet the exacting requirements of African buyers would find no sale. 'These people begin to aske for iron barrs', one of the RAC's agents on the Gold Coast wrote in 1683, 'and I have a great many but they do not like them, for they must all be marked and no flaw's in them'. 37 Indeed, 'iron for the Guinea coast' had not only to be 'entirely smooth and soundly forged', a Dutch supplier of the 1660s explained, it had to be 'made according to the measurements which the blacks there demand'.
38 A Swedish observer of the 1670s elaborated:
The correct length of voyage iron or Guinea iron is about 11 feet, and of such weight that 18, 19 or 20 bars of it make 5 cwt or 76 to 80 bars in a cask of 20 cwt. It must be smooth and well forged. There is much discussion when there are cracks along the edge of the bars . . . The buyers in England take great offence at this.
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Traders who arrived with iron of the wrong dimensions would be at a competitive disadvantage. The difficulty for European slavers was that the desired measurements shifted over time and timely notice of such shifts was required if they were to furnish what was needed. Writing in 1707, the RAC agent at Ouidah on the Bight of Benin advised 'that ye Iron bars you send may be 75 & 80 to ye Tun'. 40 Six years later, however, the Company was told to order voyage iron that was lighter at '84 barrs to the Tun'. 41 The constant changes meant that voyage iron was a bespoke product. Its manufacture was therefore a specialized business. Voyage iron, a Gothenburg merchant told English clients in 1672, was 'rather troublesome to make and that not so many places can make it'.
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Hammermen with out-of-the-ordinary proficiency were needed. The supply of voyage iron to English traders was confined to Sweden and the territories drained by the Meuse and the Rhine because ironmasters there were able to respond smartly to market signals in ways that their Russian counterparts could not. To be more accurate, Swedish ironmasters were able to respond to information brokered by iron merchants who catered for the slave trade, men such as Graffin Prankard (d. 1756), a Bristol ironmonger whose dealings in the 1730s are exceptionally well documented. Every winter Prankard would quiz returning slave captains about the state of the market along the African coast. Once he was satisfied about the dimensions currently favoured for voyage iron and had formed some idea of the volume required for the coming year, he issued instructions to his agent in Stockholm. This was in February. Prankard's man would then bargain with the Stockholm representative of the ironworks at Gammelbo, a place that regularly produced voyage iron to Prankard's order. Instructions from Bristol were thus conveyed to Gammelbo, deep in Sweden's wintry interior. The workers at Gammelbo's four forges, who had spent the year's darkest months making iron in generic forms, now turned their attention to making bars designed expressly for the African market. 44 Apprised of what was needed, the Gammelbo forgemen could accumulate a stock of correctly sized voyage iron, one ready for shipment once the ice in the Baltic began to break up and Stockholm's quays reopened for international trade. If everything went well, voyage iron from Sweden could be in Bristol and ready for dispatch between June and October, the peak months for ships clearing for African destinations.
This was not an arrangement that worked without hitch. Graffin Prankard's letter books are laced with complaints about bars that were under-sized ('I know not what to do with it . . . its length not above 10 foott long wch rendered it unsalable') or so heavy that he had to offer his clients rebates. 45 arrangement could not be made to work with Russia. The time that would elapse between iron being forged on the Ural frontier of the Russian Empire and its arrival on British markets was too great. 46 As it took a full year for Siberian iron just to reach St Petersburg, voyage iron from Russia would inevitably conform to market information that had long ceased to be current. The bars would therefore have to be re-sized at an English rolling mill. Not only did this in itself bear a cost, but the iron thereby became a British manufactured article in the eyes of revenue officials and lost the customs drawback available to simple re-exports. 47 
III
Voyage iron had to be of the correct size and weight because it acted as specie. The Scottish explorer Mungo Park reflected on this upon his arrival in Senegambia in the 1790s. Africans, he realized, appreciated iron for its use value but it was also used to embody exchange value.
In their early intercourse with Europeans, the article that attracted most notice was iron. Its utility, in forming the instruments of war and husbandry, made it preferable to all others; and iron soon became the measure by which the value of all other commodities was ascertained. Thus, a certain quantity of goods, of whatever denomination, appearing to be equal in value to a bar of iron, constituted, in the trader's phraseology, a bar of that particular merchandise. Twenty leaves of tobacco, for instance, were considered as a bar of tobacco; and a gallon of spirits (or rather half spirits and half water), as a bar of rum; a bar of one commodity being equal in value to a bar of another commodity. 48 Indeed, the 'bar' was the medium in which most of the commerce between Africans and Europeans was transacted. As such, the bar had a dual nature. On the one hand, it was an index of abstract value, as was made plain in the invoices of British slave ships which priced their cargo both in sterling and bars. 49 other hand, the bar had tangible utility as a slab of metal. This dualism -the bar's capacity to embody both use value and exchange value -gave voyage iron its strange character. It was in steady demand as a store of wealth. It was also in demand as a material from which agricultural implements or weapons could be fashioned. European travellers commented on the skill with which African blacksmiths did so. Along the Sanaga river in present-day Cameroon local artisans used European iron to 'make their own Utensils, such as Spades, Hooks, Hatchets, &c. at which they are very dexterous'. At Barraku, on the Windward Coast, African smiths were observed hammering out iron delivered by the Dutch; they knew 'how to work [it] well, and make all Kinds of Arms or Weapons for themselves'. 50 Our knowledge of African consumption is imperfect but some broad patterns are clearly discernible. 51 There was a sharp contrast between the coastal rainforests of West Africa, where high humidity and abundant rainfall inhibited smelting, and the drier savannah woodlands to be found further inland. The interior was well supplied with iron; the forested coast was not. Coastal people suffered from a historic 'iron hunger' that voyage iron could assuage. 52 The impact that European iron had on the societies to which it was introduced has yet to be mapped systematically but the work of Walter Hawthorne on GuineaBissau (Senegambia) offers important pointers. 53 Portuguese traders were landing iron there by the 1490s, with the slave trade still in its infancy. 54 Not only was there a basic local demand for iron but that demand was extended and deepened by the slave trade itself. Voyage iron was taken up avidly in coastal communities, such as those of the Balanta, which needed weaponry to resist predatory neighbours in an age of intensifying slave-raiding. Indeed, to pay for iron, the Balanta resorted to slaving themselves. This leads Hawthorne to speak of an 'iron-slave cycle'. 55 Moreover, as a defensive measure, Balanta people began to resettle in low-lying littoral zones whose mangrove swamps impeded the movement of raiding parties. In adapting to this new habitat, they turned to the cultivation of rice. 56 Paddies multiplied along the coastal creeks, allowing rice to be grown not just as a provision crop but as a marketable commodity. Iron was essential here too. Traditional tools made of fire-hardened wood could not cope with tangled mangrove roots; metal-tipped implements could. The effect of voyage iron on Guinea-Bissau was therefore twofold. It ratcheted up the seizure of captives while generating food surpluses that European slavers could use to sustain those captives during their transatlantic ordeal.
Rice was an ancient African grain, but voyage iron was also of profound importance for the New World cultigens that were introduced to coastal West Africa in the early modern era. The plant species that the Colombian Exchange brought to the Guinean forests -cassava, beans and maize -were transformative. They supplied bulk carbohydrates to a region that had previously known shortage, allowing for a sharp rise in the coastal population, a more complex social division of labour, the emergence of royal bureaucracies, and the formation of standing armies. Maize was of particular significance. Yielding two crops a year and requiring relatively little labour, it spread rapidly through the forest zone. But the success of maize depended upon piercing the forest canopy, for it is a species that demands abundant sunlight if it is to thrive. The 'agricultural carbohydrate revolution' that advanced through the coastal forests from the sixteenth to the eighteenth century therefore required the clearance of timber on a grand scale, which required in turn a ready supply of iron tools. 57 Moreover, this was not a one-off event, a single pulse of demand. Because of the very 55 long fallow periods favoured by forest agriculturists trees were able to re-establish themselves. As a result, programmes of clearance had to be re-enacted, again and again. 58 Voyage iron, fashioned into axes and hoes by African smiths, was therefore an essential element of the Colombian Exchange in West Africa. 59 Repeated sales of iron, humdrum in themselves, thus contributed to an epochal re-orientation of West African societies and economies. There was a shift in the centre of social gravity, away from the city states and empires of the interior, and away from the trans-Saharan caravan trade that had for centuries linked them to the Mediterranean world. The Atlantic now exerted a gravitational pull it had previously lacked.
IV
The extent of voyage iron imports is difficult to assess, but there is evidence enough to suggest that they represented a major addition to the stock of iron in West Africa. 'I have before now delivered 20,000 to 25,000 bars in one year', Louis Trip of Amsterdam told a London customer in 1679. That was equivalent to between 268 and 335 tons. 60 The archive of the Royal African Company provides a further snapshot, this time for 1707. With the transatlantic slave trade on the increase, the Company asked its agents in the field for an up-to-date assessment of the quantities to be held at each of the Company's forts and trading posts. The answer from Upper Guinea (Senegambia and Sierra Leone) was that 13,600 bars or about 176 tons should always be in stock. 61 The Gold Coast, with nine Company factories along its length, took far more: 52,900 bars were requested, equivalent to 865 tons. 62 A clear answer did not emerge from the Slave Coast (Bight of Benin). The Company's agent at Ouidah restricted himself to noting that sales of iron were concentrated in the first two months of the year when local agriculturalists prepared their fields for planting. 63 Overall, the Royal African Company committed itself to keeping a minimum of 1000 tons of iron on the West African coast in 1707-8.
Stocks are not the same as sales, but they are indicative. And to the volume warehoused by the English must be added the stocks held by the Dutch at their forts, and the contributions made by other nations, not least the French, whose slave trade was on the verge of explosive growth. Actual sales could be erratic, of course, as erratic as the slave trade itself. In 1738, his best year in the trade, Graffin Prankard of Bristol sold 616 tons of voyage iron to the slave merchants of his city. Five years earlier, however, with 'our Guinea Trade . . . wholly at a stand', he had managed just 148 tons. 64 Even so, the volume of iron being landed in West Africa surely rose during the eighteenth century. Not only was the trade in captives expanding but the areas of greatest growth, such as the Bight of Biafra, had a marked appetite for European metals. 65 There is no comprehensive body of evidence with which to document the inflow of iron, but it must have been considerable. That, at least, is the message of what little hard data survives. Some 954 tons of voyage iron was shipped from Stockholm in 1739, mostly for English ports. 66 Allowing for a parallel export from Gothenburg, perhaps 1,350 tons of voyage iron left Sweden that year. 67 This was a formidable quantity, one that eclipsed the productive capacity of any specialist smelting zone in subSaharan Africa. African smelters were unquestionably skilled and numerous but they were restricted to small batch production and could not match the productivity of northern European ironmakers. Bassar, the West African production complex hailed as being of 'continental importance', for example, produced an annual maximum of just eighty tons in the eighteenth century. 68 The smelting district of Fiko in present-day Mali appears to have exported a large surplus to the interior delta of the Niger but the best estimates of its annual output are in the tens not the hundreds of tons. 69 The Babungo chiefdom, another specialized smelting district, might have achieved an output of 100 tons annually in the nineteenth century (a figure that 'may sound unbelievable' in the view of its investigators) but rather less than that in the eighteenth. 70 Seen in this context, voyage iron can hardly be dismissed as marginal. Indeed, the indications are that African demand for voyage iron was on an upward path. Tellingly, the size of the standard bar was shrinking over the course of the eighteenth century. Bars made for the African market in the seventeenth century were between twenty-eight and thirty English pounds apiece. By the time of the American Revolution the standard weight had slipped below twenty pounds; by the first decade of the nineteenth century voyage iron was consistently below fifteen pounds per bar (see Figure 1 ). This phenomenon is best explained by a growing appetite for iron in West Africa, which pushed prices higher. The quantity of metal that European traders had to offer to obtain a 'bar' of value in African slave marts shrank accordingly. The terms of trade were turning in favour of 68 Barros, 'Bassar', 164, 168. Europe. This makes the case of iron highly unusual. In almost every other regard, the terms of trade were moving Africa's way, as David Northrup explains:
The sharply increased demand for African slaves, the rising competition among Europeans, and the growing centralization of African ties to the Atlantic trade all served to strengthen African trading positions. As the terms of trade shifted steadily in their favor, African traders received goods for each slave worth three or four times as much in 1800 as a century earlier.
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We are now in a position to address some basic questions about the overarching ferrous relationship between Africa and Europe in the era of Atlantic slavery. Africa was not, it must be said, a major market for north European exporters. If 1,350 tons of voyage iron was shipped from Stockholm and Gothenburg in 1739 it amounted to less than four per cent of Sweden's total export at that time. 72 There is no reason to suppose that the African market loomed any larger for ironmasters in the RhineMeuse basin or in western France. European iron made its way to Africa in other ways, of course. It was embodied in many of the manufactured goods that played a key role in the Atlantic slave trade, most notoriously in musket barrels. Nevertheless, we can be tolerably confident that Africa absorbed only a small proportion of European iron output.
But what of the importance of voyage iron for African consumers? This is a far more complex issue. Iron was rarely a major component of a slave ship's cargo, not in terms of value. It was a dependable, indeed indispensable, staple but, like many other workaday commodities, it is easily overlooked. Indigenous African irons have proved far more beguiling to scholars because they raise such profound questions about technological creativity and cultural transmission. The issue of whether ferrous smelting diffused into sub-Saharan Africa or was an autochthonous development carries -for some at least -a political charge. The tenacity of sub-Saharan smelting traditions, not until 1658 that our data begin in earnest. Thereafter the data are reasonably continuous, albeit with gaps in the 1670s, between the mid 1680s and mid 1690s, the late 1710s, and the mid 1750s. The downward trend over the course of the eighteenth century is clear, despite some anomalously high observations in the mid eighteenth century. The iron loaded on the Sisters in 1764 was designated as 'Large Bars', each of 36 lbs, rather than voyage iron, suggesting that it was not intended as a trade article. The bars carried on the Little Britain in the same year are described as voyage iron but they are so offtrend -48 lbs at a time when the standard bar was about 20lbs -that there is no ready explanation. Iron carried to the Gold Coast by the Danes in the 1740s and 1750s divides into two quite distinct types. Some parcels conform closely to the overall trend; others are markedly heavier. It may be that the heavier bars were intended for use by smiths at the Danish fort of Christianborg. which endured into the twentieth century, bears political freight too. It demonstrates the resilience of indigenous knowledge in the face of colonial science. This reversal of colonial-era assumptions about Africa's technological poverty is refreshing, but the contribution of voyage iron to sub-Saharan life should not thereby be dismissed. The evidence provided above suggests that European bar iron played a vital role. The coastal forests of West Africa were deeply affected, as the experience of Guinea-Bissau and the Gold Coast suggests. The arrival of European metal along coastlines that had traditionally been short of iron facilitated an assault on the forest and an agricultural revolution based upon New World crops. Voyage iron thereby introduced a commercial and social dynamism to stretches of the Atlantic littoral that had hitherto been quiescent. The intensification of the slave trade in the eighteenth century deepened the demand for voyage iron (as suggested by Figure  1 ). Iron was needed for arming aggressive slave-exporting states such as Asante. The use made of European muskets by slaveraiders is well-attested, but locally manufactured spears, blades and arrowheads were also necessary if the cycle of seizure and sale was to continue. Weaponry, of course, was also sought after by groups who were vulnerable to enslavement. Voyage iron, it might be said, helped to create its own demand. 73 That demand was not evenly distributed, however. European iron was always wanted in Guinea-Bissau, the seat of Hawthorne's 'iron-slave cycle', and it was a major item of trade to the Bight of Biafra, but it found strikingly few takers in West Central Africa. Indeed, the lack of interest in imported iron south of the equator demands fuller investigation. 74 So too does the chronology of the trade in voyage iron. The Portuguese were shipping iron to Guinea before the fifteenth century was out, but the volumes traded from Portuguese forts on the Gold Coast do not appear to have been significant before the 1550s, and it was only in the second quarter of the seventeenth century that voyage iron became an important 73 Killick, 'Invention and Innovation in African Iron-Smelting Technologies', 316. 74 feature of Luso-African exchange. 75 Indeed, the period from the 1620s to the 1640s seems to mark a turning point on the Gold Coast when first the Portuguese and then the Dutch began to land iron in large quantities. A similar chronology is evident along the Bight of Benin. The importation of iron, which can first be documented in the 1580s, underwent an upswing in the 1630s and 1640s when iron 'won a permanent and prominent place in the Benin trade'. 76 Similar step-changes in the eighteenth century are harder to detect but aggregate growth seems likely because those parts of the coast that saw the biggest increases in the export of captives were also those most disposed to accept payment in iron.
It seems reasonable to assume that per capita consumption of iron rose in West Africa in the age of Atlantic slavery, especially if population growth was dampened or reversed by the shipment of people across the ocean. Archival evidence and the archaeological record are in accord. The former suggests that European iron imports were on an upward trajectory; the latter points to a substantial growth of indigenous smelting. The volume of iron circulating through West Africa in the eighteenth century must have greatly exceeded that available three centuries earlier when Euro-African trade got underway. The full implications of this await exploration but some preliminary propositions can be advanced. One is that metalworking crafts in West Africa must have undergone extensive growth during the era of Atlantic slavery. Certainly, they cannot have been held back by a shortage of material. This suggests the possibility of greater specialization, increased labour productivity, and 'industriousness' in the seventeenth and eighteenth centuries -a possibility that invites further investigation. 77 There is something else that requires further study: the relationship between imported iron and the native product. This remains obscure. That there was an underlying geographical complementarity is plain enough; voyage iron flooded the forest zones whilst indigenous smelting was practised most successfully in the semi-arid interior. In that sense, the role of voyage iron was simply to make good a historic deficit in the tropical forests of West Africa. But European iron and African irons were not exact substitutes. Voyage iron was a malleable material from which every particle of carbon had been expunged. Its malleability meant that voyage iron was not suitable for the manufacture of tools that needed a cutting edge -things that could bite into wood or flesh -for it was too easily deformed. Historically, European manufacturers overcame that difficulty by welding a thin edge of steel onto a body of malleable iron. Such composite tools, combining hard but expensive steel with softer but cheap iron, were standard across Eurasia. In Africa they were unknown, no doubt because West African smiths worked up blooms which, being heavy with carbon, could be made into effective sharpedged implements without the addition of welded steel. In European iron, therefore, artisans in coastal West Africa encountered a material that was quite unsuited for making bladed tools in the traditional African manner. Why then did voyage iron continue to find a market?
Three possibilities suggest themselves. The first is that voyage iron was not sought out as an industrial input; its purpose was to act as a store of wealth. Iron certainly served as a currency, as we have seen. Like many commodities circulating in West Africa, it had an amphibious character: sometimes a producer good, sometimes a currency, sometimes even a consumer good (when worn as adornment).
78 But if voyage iron was primarily a currency we would expect it to depreciate over time as the volume entering West Africa mounted. That did not happen. On the contrary, as Figure 1 makes plain, the value of voyage iron vis-à-vis the 'bar' appreciated over the course of the eighteenth century. There is a second possibility -that voyage iron was recognised as an inferior material and accepted as such. It may have made unsatisfactory tools that wore out quickly but a ready supply of iron did at least allow African smiths to make implements that were morphologically respectful of local traditions. An officer of the RAC pointed to this when he requested that iron be sent to Winneba on the Gold Coast to be 78 made into 'cuntrey hatchets', which wood-cutters in the Company's service preferred to steel-edged European axes.
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Yet there is a third, intriguing possibility: that voyage iron was combined with the obdurate high-carbon irons made by African smelters. If this was the case, voyage iron did more than occupy a hitherto vacant space in West Africa's productive landscape; it precipitated new, hybridized forms of metalworking. Direct evidence for this is scant, admittedly. Smithing, as opposed to smelting, has received little attention from archaeometallurgists, not least because its residues are so exiguous and difficult to interpret. 80 Even so, metallographic examination of precolonial iron artefacts has yet to reveal a single example of composite tool manufacture. 81 There is some suggestive indirect evidence, however. As noted above, metalworking by African smiths, both free and enslaved, was a feature of the forts that Europeans established on the Gold Coast. Those working at Cape Coast Castle developed hybrid working practices, using English tools but without conforming to English craft traditions. The enslaved workers also departed from local custom; necessarily so, because they were often shipped in from more distant parts of West Africa, some from the Gambia. 82 The coastal forts were small and atypical places, of course, but there are hints in the archival record that African labour and European materials were cross-pollinating at other points along the coast. English ships carried anvils as trade goods to the rivers of Cameroon (Bight of Biafra) in the 1760s and 1770s, for example. This can only mean that African smiths had begun to use European equipment in the place of traditional stone anvils, for this was a region where there were no European shore installations.
At this point conclusions based upon the documentary record must give way to conjecture. Some degree of hypothesizing is permissible, however. There was, after all, nothing odd about hybrid Euro-African products. The famous kente cloth of Asante, to name just one, was reliant upon unravelling imported textiles for yarn. 84 And creolized technological systems were a feature of the African Diaspora in the Americas. The contribution of African expertise to the development of rice cultivation in South Carolina and Maranhão is now well known, although the exact nature of that contribution is controversial. 85 The activities of diasporic blacksmiths in the Caribbean have also attracted some attention, although hybridized techniques have been more readily deduced than demonstrated. 86 Taking a broad Atlantic view will help if the ferrous relationship between Europe and sub-Saharan Africa is to be unravelled. In broad-brush terms, Europe exported huge quantities of agricultural hardware to the Americas but relatively little raw metal. 87 In Africa, the reverse applied: European traders landed large volumes of bar iron but the trade in agricultural implements was far more modest. The contrast is very visible in the archive of the Vestindisk-Guineisk Kompagni. The Laarburg Galleij, which sailed for the Caribbean in 1735, carried 3,000 hoes, 500 axes, and 180,000 examples of that indispensable ingredient in European building systems, the nail. 88 Danish ships headed for Africa without hoes and without nails. This contrast reflected the historic absence of ferrous metallurgy in the Americas. PreColombian civilisations were essentially lithic. West Africa, by contrast, could boast a long tradition of metalworking. That meant a taste for European metals rather than hardware.
Is it too much to think of Europe on the eve of the industrial era and West Africa in the age of the Atlantic slave trade as interlinked parts of a single Iron Age landscape? To think of Hanoverian London or Gustavian Stockholm as Late Iron Age settlements may strain credulity. To be sure, the notion of an Iron Age can be a conceptually blunt instrument; it certainly is for a good many Africanists. And yet, thinking of a common Iron Age may be helpful in dissolving the conceptual cordon that separates Africa from Europe. In metallurgical terms, the boundary separating Europe and Africa did not respect the continental frontier marked by the Mediterranean. In fact, the real division is not between continents; it is within Europe. The indirect process -the high-volume procedure that paired blast furnaces and forges -was largely restricted to a zone north of the Alps. Southern Europe in the eighteenth century was 'African' (or Africa was 'south European') in that iron was made in a singlestep procedure at a bloomery. To distinguish between advanced European and primitive African technologies is therefore to introduce a false division. It is better to conceive of a single ferrous universe in the eastern Atlantic through which iron of various types circulated, but circulated in ways that disrupt our expectations. Iron, a basic producer good, did not flow from an African periphery to a north European core. Quite the contrary, the ostensible core exported to the 'periphery'.
It would be preferable, in fact, to jettison that core-periphery polarity and to think instead of networked smelting zones and manufacturing districts that traded raw metals, semimanufactured articles, and consumer goods in ways that were multidirectional. Hanoverian England, for example, was a place at which a great number of metallic commodity chains intersected. All manner of ferrous material could be had on English quays: pig iron from the Chesapeake; bar iron fetched from Sweden and Russia; and steel imported from Germany. Britain's manufacturing success stemmed from the number and variety of metals that were at the disposal of its artisans. Metallic abundance allowed workers to select materials with precisely the hardness, or ductility, or tensile strength they required. A wealth of different metals also allowed materials to be combined in costeffective ways.
